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Surgical-Orthodontic Treatment of Skeletal Class II Malocclusion with
Obstructive Sleep Apnea and Multiple Missing Teeth
Abstract
In the treatment of skeletal Class II retrognathic mandible, the airway should be considered for the
progress and outcome of the treatment. The case report demonstrates combined orthodontic and
orthognathic surgery in a 39-year-old woman with chief complaint of maxillary protrusion. The clinical
examination and X-ray revealed skeletal Class II with a retrognathic mandible, high mandibular plane,
vertical maxillary excess (VME), bilateral deformed condyles, and narrow posterior airway space.
Moreover, the patient had several missing teeth with a posterior lingual crossbite. Polysomnography
revealed obstructive sleep apnea (OSA), with a high apnea–hypopnea index (AHI) of 12.1/h. Her body
mass index was low at 17.2. The preoperative orthodontic treatment included leveling, alignment, and
molar uprighting. Maxillary segmental LeFort I was designed to expand her maxillary intermolar width and
impact the anterior part of her maxilla. Also, bilateral sagittal split osteotomies were performed to
advance her mandible position with a counterclockwise rotation of the maxillomandibular complex. The
postoperative orthodontic treatment included settling the bite, monitoring the relapse, and managing the
dental space for future prosthodontic rehabilitation. After a total treatment time of 1 year and 10 months,
her profile was improved, her airway volume was enlarged, and her OSA was resolved, with the AHI
changed to 4.3/h at 11 months after surgery then further decreased to 0/h when debonded.
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Vertical maxillary excess (VME)
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CASE REPORT

Surgical-orthodontic Treatment of Skeletal Class II
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Multiple Missing Teeth
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Department of Craniofacial Orthodontics, Chang Gung Memorial Hospital, Taipei, Taiwan
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ABSTRACT
In the treatment of skeletal Class II retrognathic mandible, the airway should be considered for the progress and
outcome of the treatment. The case report demonstrates combined orthodontic and orthognathic surgery in a 39-year-old
woman with chief complaint of maxillary protrusion. The clinical examination and X-ray revealed skeletal Class II with a
retrognathic mandible, high mandibular plane, vertical maxillary excess (VME), bilateral deformed condyles, and narrow posterior airway space. Moreover, the patient had several missing teeth with a posterior lingual crossbite. Polysomnography revealed obstructive sleep apnea (OSA), with a high apneaehypopnea index (AHI) of 12.1/h. Her body
mass index was low at 17.2. The preoperative orthodontic treatment included leveling, alignment, and molar uprighting.
Maxillary segmental LeFort I was designed to expand her maxillary intermolar width and impact the anterior part of her
maxilla. Also, bilateral sagittal split osteotomies were performed to advance her mandible position with a counterclockwise rotation of the maxillomandibular complex. The postoperative orthodontic treatment included settling the
bite, monitoring the relapse, and managing the dental space for future prosthodontic rehabilitation. After a total
treatment time of 1 year and 10 months, her proﬁle was improved, her airway volume was enlarged, and her OSA was
resolved, with the AHI changed to 4.3/h at 11 months after surgery then further decreased to 0/h when debonded.
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Keywords: Obstructive sleep apnea (OSA); Class II malocclusion; Hyperdivergent facial type; Deformed condyle; Vertical
maxillary excess (VME)

INTRODUCTION

C

lass II malocclusion is found in 9.91% of
Chinese school children.1 This condition
may be caused by maxillary excess or mandibular
deﬁciency.2 In growing patients, the use of functional appliances could alter the dentoalveolar
position and induce condylar remodeling.3 In
adults with skeletal Class II malocclusion are

conventionally treated with orthodontic camouﬂage or surgicaleorthodontic treatment. In the
orthodontic
camouﬂage
treatment,
dental
compensation is used to mask the skeletal
discrepancy. Whereas in the surgicaleorthodontic
option, the skeletal deformity is corrected using 2jaw osteotomies with counterclockwise rotation
and orthodontic detailing. Surgicaleorthodontic
treatment is more effective in maintaining the
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Figure 1. Initial extraoral photographs of the patient.

upper lip proﬁle by less retraction in upper teeth
and more advancement in mandible and chin.
Thus, it is usually performed in patients with a
more severe sagittal jaw bone discrepancy, especially mandible retrusion.4
For patients with a retrusive mandible, especially
those with bird face-like proﬁle, despite the oral
function and esthetic problem, the airway and
temporomandibular joint (TMJ) condition must be
considered. The lateral cephalometric ﬁlm should
be evaluated for a narrow airway. If the airway is
considerably narrow, polysomnography (PSG) may
be required to determine the presence of obstructive sleep apnea (OSA). For the TMJ deformity, the
initial panoramic ﬁlm should be reviewed. Moreover, the presence of active condylar resorption
should be determined before initiating orthodontic
or surgicaleorthodontic treatment.
The case report illustrated the correction of skeletal Class II malocclusion with vertical maxillary
excess (VME) and a retrusive mandible.

indicated no systemic disease other than right
maxillary sinusitis. In terms of past dental history,
she received general dental care and had some
unrestored missing dental space. She had the habit
of mouth breathing and denied any symptoms or
signs of TMJ disorder. Moreover, her BMI was 17.2
(body height 165.7 cm, body weight 47.3 kg), which
was lower than the normal range (18.5e24.9).
Clinical examination
Extraoral examination
In the frontal view, no signiﬁcant facial asymmetry was noted. The patient had obvious lip incompetence with excessive upper tooth display. Her
upper gingival show was 7 mm when smiling. Her
upper dental midline was aligned with her facial
midline (Figure 1).
In the lateral view, she had a convex proﬁle with a
retrusive chin and high mandibular plane. The lip
posture indicated protrusive and incompetent with
obvious mentalis muscle strain.

CASE REPORT

Intraoral examination
Her molar relationship was undeﬁned due to teeth
26, 36, and 46 being missing. The buccal segmental

A 39-year-old woman came with chief complaint
of maxillary protrusion. Her past medical history

Figure 2. Initial intraoral photographs of the patient.
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Figure 3. Initial cephalometric (lateral and posteroanterior) and panoramic ﬁlms of the patient.

accentuated bilateral antegonial concavity, and
short ramus lengths. No other pathological changes
were observed. Her maxillary sinus was clear,
although she had a past medical history of sinusitis.
Lateral cephalometric analysis indicated skeletal
Class II with a high mandibular plane angle (MPA),
sagittal skeletal discrepancy (ANB, 7.4  ; MP, 53.2  )
with a retrognathic mandible (SNB, 72.6 ), and
narrow oropharyngeal airway. The minimal distance of the posterior airway space (PASmin; between the tongue base and posterior pharyngeal
wall) was 3.4 mm. Her upper incisor was retroclined, and the lower incisor inclination was normal
(U1-SN, 91.1 ; L1-MP, 94.6 ). The vertical dentoalveolar height indicated overerupted upper and
lower incisors (U1-PP, 38.3 mm; L1-MP, 48.1 mm).
Her total posterior facial height (TPFH, sella to
gonion) was 74.0 mm, which is smaller than norm
(78.5 ± 3.9 mm). Her total anterior facial height

and canine relationship was Class II on both sides,
with a deep bite and increased overjet (overbite was
6 mm, whereas the overjet was 9 mm). Her teeth 15,
18, 26, 32, 36, 42, and 46 were missing, with teeth 16
and 47 mesial tilting. A palatal crossbite in tooth 27
was noted (Figure 2). Her upper dental arch was
tapered and symmetric, and her lower arch was
ovoid and symmetric. General periodontal health
was satisfactory. Her upper and lower arches both
exhibited spacing due to missing teeth.
Radiographic ﬁndings
The initial panoramic X-ray (Figure 3) indicated
missing teeth 15, 18, 26, 32, 36, 42, and 46 and previously endodontic treatment in teeth 24 and 25.
Mesial tilting was noted in teeth 16 and 47. The
bilateral TMJs were small with normal cortical
outline. The general mandibular form presented
49
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Table 1. Summary of cephalometric analysis.
SNA ( )
SNB ( )
ANB ( )
SN-MP ( )
U1-NA (mm)
U1-SN ( )
L1-NB (mm)
L1-MP ( )
U1-PP (mm)
U6-PP (mm)
L1-MP (mm)
L6-MP (mm)
PAS min (mm)
NLA ( )
Upper lip-E line (mm)
Lower lip-E line (mm)
UAFH (mm)
LAFH (mm)
TPFH (mm)
TAFH (mm)
PFH/AFH (Jarabak ratio)

Initial

Debond

Normal value

80.2
72.6
7.4
53.2
9.0
91.1
13.5
94.6
38.3
25.3
48.1
32.0
3.4
86.3
8.1
6.5
54.3
73.2
74.0
129.5
57.1

83.1
79.0
4.1
46.1
5.0
98.3
8.0
95.6
33.2
25.3
43.3
30.0
10.2
85.3
1.0
1.1
50.1
74.2
65.0
127.0
51.2

83.6 ± 3.6
79.7 ± 3.6
3.9 ± 1.8
30.4 ± 5.9
6.4 ± 1.6
115.0 ± 7.5
6.3 ± 1.7
94 ± 7.1
25.4 ± 2.2
21.6 ± 1.7
36.9 ± 2.6
29.9 ± 1.8
10.5 ± 2.8
103.6 ± 9.9
1.5 ± 2.4
0.9 ± 2.5
51.6 ± 3.6
68.1 ± 2.9
78.5 ± 3.9
119.7 ± 4.2
63.5 ± 1.5

Normal value reference.
I. for SNA, SNB, ANB, SN-MP, U1-SN, L1-MP, NLA, Upper lip-E line, Lower lip- E line.5
II. for UAFH, LAFH, TPFH, TAFH.6
III. for U1-NA, L1-NB.7
IV. for U1-PP, U6-PP, L1-MP, L6-MP.8
V. for PAS min.9
VI. for PFH/AFH (Jarabak ratio).10

of 12.1/h (normal: <5/h)11 and a periodic leg movement of sleep (PLMS) index (PLMI) of 38.7/h, both
indicating poor sleep quality (Table 2). Although a
PLMS of >15/h is considered clinically signiﬁcant,12
the relationship between sleep disruption and the
PLM frequency was still ambiguous.13 Since she
could not tolerate the continuous positive air pressure (CPAP) therapy, surgical-orthodontics was
recommended to her.

(TAFH, nasion and menton) was 129.5 mm, which
was much higher than the norm (119.7 ± 4.2 mm).
The TAFH/TPFH ratio indicated a high MPA. The
initial cephalometric data are presented in Table 1.
No major asymmetry or occlusal plane cant was
noted in the posteroanterior (PA) cephalometric
radiograph.
Sleep examination
The patient had poor sleep quality and inattention
with narrow PASmin. Thus, she was referred to the
sleep department for further examination. PSG
revealed an increased apnea-hypopnea index (AHI)

Problem list
For the soft tissue, she had protrusive upper
and everted lower lips, acute nasolabial angle as

Table 2. Polysomnography data of the patient.
AHI (/hour)

PLMI (/hour)

Deﬁnition

Initial

Post-treatment

Normal value (for adults)

It is an index used to
indicate the severity of
sleep apnea, represented
as the number of apnea
and hypopnea times per
hour of sleep.
Periodic limb movement
disorder index is to count
the events when the
patient moves limbs
during sleep, involuntarily
and periodically.

12.1

4.3 (post-op 11 months)
/ 0 (debond)

<5/hour / normal
5e14.9/hour / mild OSA
15e29.9/hour / moderate OSA
30/hour / severe OSA

38.7

N/A

>15/hour / clinically signiﬁcant
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To correct her VME, anterior maxillary impaction
with counterclockwise rotation was performed.
In the postoperative orthodontic phase, the objectives were occlusion settling and monitoring in
case of relapse. Moreover, 36, 46 dental space rearrangement was performed for further implant
prosthesis.

well as obvious gummy smile. Other functional
soft tissue problem was narrow oropharyngeal
airways.
For the craniofacial skeleton, she had skeletal
Class II with a retrusive mandible, high MPA and
VME. Other skeletal problems included bilateral
deformed condyles with intact cortical bone.
For the dental occlusion, she had upright upper
incisors and a large overjet, overeruption of upper
incisors and lower incisors and deep overbite. The
27 was in palatal crossbite. Other dental problems
included missing teeth 15, 18, 26, 32, 36, 42, and 46
with mesial tilting in 16 and 47.

Treatment process
Pre-surgical orthodontics
Her full mouth teeth were bonded with the
.022x.026 OPAK® bracket system (TOMY Inc,
Japan). The upper and lower arches were leveled,
and the molar teeth 16 and 47 were uprighted. The
lower anterior dental spaces were closed and
consolidated. After 6 months of preoperative orthodontic preparation, the patient was ready for
orthognathic surgery (OGS).

Diagnosis
 Skeletal Class II malocclusion with a retrognathic mandible and hyperdivergent proﬁle.
 Dental Class II malocclusion with a large overjet,
deep bite, 27 in palatal crossbite, and multiple
missing teeth.
 Mild OSA.

Surgery design
Surgical simulation is presented in Table 3. In the
maxilla, we used her missing tooth space 15 and 26
to perform Le Fort I 3-piece osteotomy. Anterior
impaction and counterclockwise rotation of the
maxilla with posterior arch expansion and protraction were performed. The design was aimed at
coordinating the upper and lower arches and
improving her upper incisor angulation. The intermolar width was widened by 2.7 mm. The posterior
part was advanced by 1 mm on the right side and
4 mm on the left side.
In the mandible, bilateral sagittal split osteotomies
and genioplasty were performed. To achieve the
proper overjet and overbite, mandible was
advanced 10 mm at B point and 15 mm at Pog point.
Her airway volume was enlarged, and her facial
proﬁle became balanced. Moreover, the counterclockwise rotation of the MMC was performed to
improve her large MPA. The TAFH was reduced by
3 mm.

Treatment objectives
In the soft tissue, we aimed to reduce facial convexity and enlarge the airway dimension for correcting her OSA problem.
In the skeletal aspect, we aimed to improve her
large maxillaemandible discrepancy with mandible
advancement and reduce the VME.
In the dental aspect, we aimed to improve the
upper incisor angulation; rearrange the space for
missing teeth 15, 26, 32, 36, 42, and 46 by closing
space for 15, 26, 32 and 42 but maintaining the space
for 36 and 46 for further prosthesis; expand the
maxillary arch for posterior cross bite correction;
and establish a proper overjet and overbite.
Treatment plan
Surgicaleorthodontic treatment was proposed to
correct her severe skeletal discrepancy and enlarge
the airway space. The treatment plan included the
preoperative orthodontic, surgical, and postoperative orthodontic phases.
In the preoperative orthodontic phase, the objectives were arch leveling and molar uprighting.
In the surgical phase, we performed a combination of maxillary Le Fort I 3-piece osteotomy and
mandibular bilateral sagittal split osteotomy. To
correct the skeletal anterior-posterior discrepancy
and enlarge the narrow airway, the advancement of
the mandible and counterclockwise rotation of the
maxillaemandibular complex (MMC) was designed.

Post-surgical orthodontics
After surgery, we settled the occlusion and rearranged spaces of teeth 36 and 46 for further prosthesis
with
implant.
The
cephalometric
superimposition indicated clockwise rotation of
maxilla and mild backward movement of mandible
with extensive remodeling in the chin contour after
surgery.
For the management of relapse, Anterior Root
Torquing Spring Auxiliary (ART®, American Orthodontic Inc., WI, USA) device was applied for
upper incisor angulation adjustment. Moreover, the
upper arch length considerably changed after
51

C.-Y. LEE ET AL
SURGICAL-ORTHODONTICS IN OSA AND MISSING TEETH

Taiwanese Journal of Orthodontics
2022;34(1):47e59

Table 3. Surgical simulation for the patient.

Treatment results

osteotomy; therefore, we simply closed the spaces
32 and 42 and maintained the spaces 36 and 46
respectively by 7 mm for further prosthesis.

After 21 months of orthodontic treatment, a
straight facial proﬁle, stable occlusion, and airway
dimension improvement were successfully achieved. Extraorally, a more balanced facial proﬁle was
achieved (Figure 4). Intraorally, a proper overjet and
overbite were achieved, and the missing tooth space
was arranged well in 36 and 46 for further prosthesis
management (Figure 5). Her PASmin improved to

Retention phase
The ﬁxed retainer at teeth 12 to 22 and 34 to 44 on
the lingual side and the removable retainer of the
upper and lower Hawley retainers were made. The
spaces of teeth 36 and 46 were maintained with resin
pontic teeth in the removable retainers.
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Figure 4. Extraoral photographs of the patient at treatment completion.

Figure 5. Intraoral photographs of the patient at treatment completion.

18 mm in the lateral cephalometric X-ray (Figure 6).
Eleven months postoperatively, her AHI improved
to 4.3/h. When debonded, the PASmin was 11 mm,
and after another 2 months, her AHI decreased to 0/
h. The cephalometric measurements are presented
in Table 1. The overall superimposition is illustrated
in Figure 7. A 3-dimensional airway digital measurement (Table 4) indicated that her initial
oropharyngeal volume was 10,572 mm3, with the
minimum axial area being 49 mm2. Postoperatively,
the airway volume increased to 15,633 mm3 with
170 mm2 being the minimum axial area. When
debonding, the airway volume was 13,202 mm3 with
99 mm2 being the minimum axial area.

that the deep bite might be partly due to upper and
lower incisor overeruption. To correct this problem,
Le Fort I 3-piece osteotomy was performed to
reduce her TAFH by address more anterior impaction. The cephalometric analysis indicated that U1PP and L1-MP were reduced signiﬁcantly by around
5 mm. Thus, we assumed that intrusion was successfully performed during orthodontic treatment.
However, no accessory appliance exists for intrusion
work during orthodontic treatment. Thus, we
assumed that intrusion was achieved after OGS and
maintained by bite force and continuous arch wire
mechanics.
On the initial extraoral examination, we noticed a
retrusive mandible, hyperdivergent facial type, and
somewhat bird face-like proﬁle. Congenital micrognathia often causes respiratory emergency in neonates.15 Although our patient's mandibular
retrusion was not that severe, we aimed to address
her airway condition. Her initial PASmin was only
3.4 mm (normal: approximate 10 mm). Furthermore,
3-dimensional
airway
digital
measurements
revealed that her initial oropharyngeal volume was
10,572 mm3, with the minimum axial area being

DISCUSSION
For patients with VME, the treatment plan depends on whether the patient has an anterior open
bite (AOB) or deep bite. In patients with skeletal
open bite and long face, LeFort I osteotomy with
maxillary impaction can allow mandible autorotation.14 However, in this patient, the bite was deep at
initial stage. The cephalometric analysis indicated
53
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Figure 6. Radiographs of the patient at treatment completion.

Figure 7. Overall superimposition (at the anterior cranial base). A, Superimposition of serial lateral cephalometric ﬁlms. Black line, initial; blue line, 1
week postoperative; red line, debond. B, Registration of the serial craniofacial skull, from initial (brown skull) and 1 week postoperatively (green
skull). C, Registration of the serial craniofacial skull, from the initial (brown skull) and debond (red skull). D, Registration of the serial craniofacial
skull, from 1 week postoperatively (green skull) and debond (red skull).
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Table 4. Digital measurement of the oropharyngeal airway at different times.

49 mm2 (Table 4). Her PSG report (Table 2)
demonstrated AHI of 12.1/h, PLMI of 38.7/h, a
diagnosis of OSA was made.
The gold standard treatment for OSA is CPAP
therapy. Oral appliances such as mandibular
advancement devices (MADs) can be used in carefully selected patients. Besides, some soft tissue
surgical options can be considered for candidate
cases, including adenotonsillectomy, nasal surgery,
palatal surgery, and tongue-based surgery. The
skeletal correction was mainly maxillomandibular
advancement (MMA).16 Given the patient's chief
complaint of proﬁle, we considered OGS as the
chief treatment plan.
Le Fort I 3-piece osteotomy was performed to
differentially impact anterior maxilla, improve

upper incisor inclination, widen the inter-molar
width, and improve arch coordination. Expansion of
the transverse maxillary width can increase nasal
cavity volume and reduce the nasal airﬂow resistance. Although maxillary distraction osteogenesis
can provide more transverse dimension improvement (12 mm) compared with segmental Le Fort
osteotomy (5e7 mm).17 Since the transverse insufﬁciency was less than 3 mm, segmental osteotomy
was fair enough to provide precise dental arch
arrangement.
Mandibular
advancement was
considered
because it could simultaneously improve her facial
proﬁle and enlarge her airway volume. This procedure caused advancement of the hyoid bone position, which ameliorated her OSA.18 The overall
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superimposition (Figure 7) revealed that the distance from the mandibular plane to the hyoid bone
(MP-H) was decreased comparing the initial record
and the debonding record. Although the relapse of
hyoid bone position was noted, PASmin during
debonding was 10 mm, which was within the
normal range. Overall, the patient's airway space
widened considerably (Table 4).
The direction of surgical movement, the type of
ﬁxation, and the type of surgical technique and
muscle adaptation affect surgery stability. According to Profﬁt et al., when rigid internal ﬁxation is
used, as the patient's anterior facial height was
maintained or increased, the maxilla tends to move
upward, thus the mandible is stable as moving
forward after surgery.19
However, the anterior facial height was reduced
during surgery. In the postoperative skeletal
changes, the maxilla had clockwise rotation and the
mandible had backward movement with extensive
remodeling in the chin contour. It indicated mild
surgical relapse and signiﬁcant surface remodeling.
The relapse of OGS in patients with Class II
malocclusion can result from more than 10-mm
advancement.20 Moreover, the relapse can occur
due to the surgery design. Some studies have indicated that in patients with skeletal Class II malocclusion and high MPA, the OGS correction of MPA
can cause elongation of the suprahyoid muscle and
extension of the pterygomasseteric sling,14,21 which
may also be a risk factor for surgery relapse.

The surgery caused the maxilla to have a counterclockwise rotation and impaction (Figure 7). However, in the postoperative period, maxillary relapse
with a clockwise rotation was noted with the ANS
moved downward 3 mm and PNS maintained in the
same vertical height. Overall, the upper incisor achieved intrusion. This changes were similar with the
ﬁnding of Profﬁt et el., when superior reposition of
the maxilla, in the ﬁrst 6 weeks, the posterior part of
the maxilla was stable vertically while the anterior
part of the maxilla could move downward.22 Therefore, we assume that in the postoperative period,
although we did not use an accessory appliance for
anterior incisor intrusion, the intrusion was maintained using the continuous arch wire technique
(Figure 8). The explanation for this condition may be
that the bite force attempted to maintain the upper
occlusal plane at the same level whereas the maxilla
relapsed with a clockwise rotation. Further investigation may be performed in this ﬁeld.
To sum up, the reason for the relapse pattern was
quite serious for both of maxilla and mandible. The
reasons may come from patient's initial status,
including smaller TMJ form and hyperdivergent
craniofacial morphology. Also, the surgical design
(greater mandible advancement), ﬁxation method
and muscle adaptation can be the reasons too. The
deformed TMJ might be a risk factor for CCWR of
MMC. For the craniofacial type, the VME, high
MPA and large AP discrepancy existed simultaneously in the initial condition. The anterior facial

Figure 8. Regional superimposition of the pre-treatment (black) and post-treatment (red) maxilla and mandible.
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height was decreased signiﬁcantly after surgery, the
tendency of CCR in this craniofacial form jeopardize
the skeletal stability.19
OSA can be deﬁned using the AHI. The patient's
AHI was 12.1/h, indicating mild OSA. Eleven
months postoperatively, her AHI improved to 4.3/
hr. In 2 months after debond, her AHI decreases to
0/h. OSA and PLMS syndrome are 2 common sleep
disorders, and they are not caused by a same central
generator.23 The decrease in the AHI to 0/h implied
that our treatment was effective in ameliorating her
OSA.
Her initial panoramic X-ray revealed the bilateral
short ramus length, deformed condyle, and prominent antegonial notching of the mandible. The etiology of mandibular condylar deformities can be
congenital or acquired. The congenital deformities
or developmental mandible abnormalities can be
classiﬁed
into
hypoplasia/aplasia/hyperplasia/
biﬁdity.24 The congenital type often accompanies
other systemic disease, whereas the acquired type
often results from injury during active growth.24 By
contrast, some authors have assumed no deﬁned
etiology for the mandibular deﬁciency.25 In this
patient, because of no history of systemic disease or
trauma, the etiology might be developmental. Kent
et al. deﬁned a target group with 6 criteria that may
be predisposed to the development of condylar
resorption following mandibular advancement.26
This case met 3 criteria: female, presence of high
MPA, and large mandibular advancement. The TMJ
condition could be evaluated through Tc-99 m to
evaluate for active condylar activity or CBCT examination. The condylar form could be detected by
serial radiographs before treatment initiation.
Condylar resorption carries a high risk of relapse
after OGS.27
Antegonial notching is often discussed with the
mandibular growth and development. It is one of
the 7 morphological indicators for prediction of
mandibular growth pattern.28 The backward
mandibular rotation during growth, as mentioned
by Bjork and Skieller, has apposition below the
gonial angle, which increases in concavity at the
antegonial notch. It also leads to a long face or a
hyperdivergent facial type,29 corresponding to that
observed in our patient. Deep antegonial notch in
the mandible border is correlated with greater lower
AFH and steeper MPA, which corresponds with the
patient's initial presentation. Her lower AFH and
steeper MPA condition should have caused an AOB,
but this did not occur in this patient. This may be
because of overgrowth in upper incisors, lower incisors, and the anterior part of the maxilla, leading
to VME and gummy smile.

For the rearrangement of the missing tooth strategy, the patient's initial condition was that her teeth
15, 18, 26, 32, 36, 42, and 46 were missing. Despite of
18 and 36 46, all quadrants had at least one missing
tooth (15, 26, 32, and 42). Therefore, the space of 36
46 was maintained as 7 mm apart. The Bolton ratio
is critical to establish the ideal interdigitaion.
Traditionally, interproximal reduction (IPR) is
applied to achieve proper Bolton ratio; however, in
our patient, the situation was multiple missing
teeth. The ART® (American Orthodontic Inc., WI,
USA) device was applied to increase upper incisors
inclination instead of 33, 43 IPR. Moreover, the
backward relapse of mandible was managed by
controlling the lower incisors angulation and space
rearrangement of 36 and 46. Therefore, IPR was not
applied.
For the upper incisor angulation, the angle was
91.1 at initial and increase to 98.3 at debonding.
The relative upright of the upper incisors was the
outcome of dental compensation in skeletal Class II
malocclusion. The improvement of upper incisor
inclination can be obtained by counterclockwise
rotation of the maxilla. However, some dental
spaces had been closed during surgery by
segmental osteotomy. Thus, the effect to upper
incisor inclination was negated by the space closure.
The labial crown torque in upper anterior teeth
should be reinforced at ﬁnishing stage to improve
the dental appearance.
Overall, some aspects can still be improved, such
as the noticeable notching at mandible margin,
which is a common drawback of sagittal osteotomy
advancement of the mandible. This may have
occurred because of the deep antegonial notch or
malposition of the proximal segment of the lingual
fracture, thin mandible, or bad surgery split.30 This
can be further managed by another surgery using
bone grafts or lipoﬁlling.31 Another aspect is that the
lip posture was dropping down at bilateral cheilion,
which gave the patient a frowny face whenever she
was not smiling. This might occur due to the muscle
traction.32 The length of the depressor anguli oris
muscle, which originates from the external oblique
line, could be altered during the mandible advancement and counterclockwise rotation. The hyperactive
status of the perioral muscles may result in a frowny
face. Botulinum toxin type A could be injected to
relax the muscle.33 This problem can be ameliorated
by consulting with a plastic surgeon.

CONCLUSION
For patients with skeletal Class II with retrognathic mandible, in addition to esthetic and
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functional objectives, the airway condition must be
considered because a retrusive mandible often
causes airway problems. Moreover, X-ray or CBCT
can be used to verify the condylar anatomy and
conﬁrm the condylar status for the risk of relapse
after Class II surgical-orthodontic treatment. Overcorrection of mandible advancement might be
required to compensate the skeletal relapse and
airway patency.
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